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SURSHUWLHV RI WKH FODG OD\HU WKHPDLQ LVVXHV RI WKH FODG SURFHVV DUH SRZGHU DQG ODVHU EHDP HIILFLHQFLHV1DPHO\
XVLQJ D ODVHU FODGGLQJKHDGSDUWRI WKH ODVHUEHDPSRZHU LV DEVRUEHG LQ WKH LQFLGHQWSRZGHUSDUWLFOHV OHDGLQJ WR
DWWHQXDWLRQRIWKHODVHUEHDPUHDFKLQJWKHZRUNSLHFHVXUIDFH$GGLWLRQDOO\RQO\DSDUWRISRZGHUSDUWLFOHVDGKHUHV
ZLWK WKH PHOW SRRO ZKHUHDV WKH UHVW ERXQFH RII WKH ZRUNSLHFH OHDGLQJ WR GHFUHDVH RI WKH SRZGHU FDWFKPHQW
HIILFLHQF\ /LNH RWKHU ODVHUPDWHULDO SURFHVVLQJ ODVHU SRZGHU FODGGLQJ LV D FRPSOH[ SURFHVV GXH WKH ODVHU EHDP
PHWDOSRZGHUSDUWLFOHVDQGWKHLQGXFHGPHOWSRROPXWXDOLQWHUDFWLRQV7KHSURFHVVRXWFRPHLVJRYHUQHGE\PDQ\
PXWXDOO\GHSHQGHQWSDUDPHWHUV/LXHWDO+RZHYHUWKHSRZGHUFDWFKPHQWDQGODVHUSRZHUHIILFLHQFLHVFDQ
DOVREHLQIOXHQFHGE\WKHFODGGLQJKHDGGHVLJQ7KHUHIRUHYDULRXVFODGGLQJKHDGVKDYHEHHQGHYHORSHG&RPPRQ
FRQFHSWRIWKHH[LVWLQJFODGGLQJKHDGVLVWKDWWKHODVHUEHDPLVJXLGHGLQWKHD[LVRIWKHKHDGZKHUHDVWKHSRZGHULV
IHGLQWRWKHPHOWSRROIURPDVLGH:HLVKHLWHWDO'HSHQGLQJRQDSSOLFDWLRQWKHSRZGHULVIHGIURPDVLGH
HLWKHUE\DQRIID[LVVLQJOHQR]]OHE\DVHWRIQR]]OHVDUUDQJHGFRD[LDOO\DURXQGWKHEHDPD[LVRUE\DFRQWLQXRXV
ULQJFRD[LDOSRZGHULQMHFWLRQQR]]OH
,QWKHSDSHUDQRYHODQQXODUODVHUEHDPFODGGLQJKHDGDQGUHODWHGFODGGLQJSURFHVVDUHSUHVHQWHG*RYHNDUHWDO
,QFRQWUDU\WRWKHH[LVWLQJFODGGLQJKHDGVLQWKHQRYHOFODGGLQJKHDGWKHSRZGHULVIHGLQWKHD[LVRIWKHKHDG
E\DWXEHZKHUHDVWKHODVHUEHDPLVVKDSHGLQWRDQDQQXODUEHDPDQGJXLGHGFRD[LDOO\ZLWKWKHSRZGHUIHHGLQJWXEH
DQG IRFXVHG RQ WKHZRUNSLHFH VXUIDFH LQ WKH VKDSH RI D ULQJ 7KH DERYH GHVFULEHG KHDG GHVLJQ FDQ LPSURYH WKH
SRZGHUFDWFKPHQWDQG ODVHUSRZHUHIILFLHQFLHV0RUHRYHU WKHDQQXODU ODVHUEHDPGLVWULEXWLRQFDQKDYH LPSRUWDQW
LPSOLFDWLRQVIRUWKHUPDODQGUHODWHGPHFKDQLFDOSURSHUWLHVRIWKHFODGSRZGHUDQGWKHZRUNSLHFH'XRFDVWHOODHWDO
:LWK WKH DLP WRSUHVHQW WKHQRYHO FODGGLQJKHDG DQG WKH UHVXOWVRI WKH UHODWHGFODGGLQJSURFHVV IHDVLELOLW\
VWXG\ LQ WKH IROORZLQJ WKH H[SHULPHQWDO VHWXS XVLQJ D SXOVHG ODVHU OLJKW VRXUFH LV GHVFULEHG DV ILUVW 7KHQ WKH
H[SHULPHQWVDQGUHVXOWVRIFKDUDFWHUL]DWLRQRISRZGHUSDUWLFOHYHORFLWLHVDQGGLYHUJHQWDQJOHRIWKHSRZGHUMHWIURP
WKHGHOLYHU\WXEHDUHGHVFULEHG)LQDOO\SUHFHGLQJWKHFRQFOXVLRQVUHVXOWVRIWKHDQQXODUODVHUEHDPSRZGHUFODGGLQJ
SURFHVV DQG LQIOXHQFH RI WKH PDLQ SURFHVV SDUDPHWHU RQ WKH SRZGHU FDWFKPHQW HIILFLHQF\ DUH SUHVHQWHG DQG
GLVFXVVHG
([SHULPHQWDOVHWXS
7KHH[SHULPHQWDOV\VWHPIRUDQQXODUODVHUEHDPPHWDOSRZGHUFODGGLQJLVVFKHPDWLFDOO\SUHVHQWHGLQ)LJD,W
FRQVLVWHGRID1G<$*IODVKODPSSXPSHGSXOVHGODVHUVRXUFHDQQXODUODVHUEHDPFODGGLQJKHDGSRZGHUIHHGLQJ
XQLWDQGZRUNSLHFHSRVLWLRQLQJ WDEOH7KH1G<$*ODVHUVRXUFH75803)+/3HPLWVD*DXVVLDQ ODVHUEHDP
ZLWKZDYHOHQJWKRIQPDQGPD[LPDODYHUDJHSRZHURI:7KHJHQHUDWHGSXOVHPD[LPDOSRZHUGXUDWLRQ
DQG IUHTXHQF\ FDQ LQPXWXDO GHSHQGHQF\ EH SUHVHW WR YDOXHVPS N: tS PV DQG fS +] 7KH QRYHO
DQQXODU ODVHU EHDP FODGGLQJ KHDG UHSUHVHQWV WKH FRUH RI WKH VHWXS ,W FRQVLVWV RI D ODVHU EHDP VKDSLQJ RSWLFV D


)LJD([SHULPHQWDOVHWXSE$QQXODUODVHUEHDPFDXVWLFZLWKLQIOXHQWLDOSDUDPHWHUVF$QQXODUODVHUEHDPIRRWSULQWVRQDPHWDOSODWH
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JXLGLQJPLUURUDIRFXVLQJRSWLFVDSRZGHUGHOLYHU\WXEHDQGRIDVKLHOGLQJJDVQR]]OH7KHFROOLPDWHGODVHUEHDPLV
JXLGHG WKURXJK WKHEHDPVKDSLQJRSWLFVZKHUH LW LV VKDSHG LQWRDQ DQQXODU ODVHUEHDP7KHEHDP LV WKHQJXLGHG
FRD[LDOO\WRWKHD[LVRIWKHSRZGHUGHOLYHU\WXEHE\DUHIOHFWLYHPLUURUDQGIRFXVHGRQWKHZRUNSLHFHVXUIDFHE\D
IRFXVLQJOHQV$QH[DPSOHRIDPHDVXUHGDQQXODUEHDPFDXVWLFZLWKLQGLFDWHGLPSRUWDQWSDUDPHWHUVLVSUHVHQWHGLQ
)LJEZKHUH lIWGHQRWHVWKHODVHUEHDPIRFXV±WXEHHQGGLVWDQFHlIZGHQRWHVWKHODVHUEHDPIRFXV±ZRUNSLHFH
GLVWDQFHDQG lWZ SRZGHUGHOLYHU\ WXEH VWDQGRIIGLVWDQFH ,Q WKHSUHVHQWHGFDVH WKHYHUWH[KDOI DQJOHRI WKH ULQJ
EHDPFRQYHUJHQFHZDVT Σ7KHZHGJHDQJOHRIWKHDQQXODUULQJZDVJ ΣZLWKUHODWHGDQQXODUODVHUEHDP
ULQJZLGWKGr  PP([DPSOHVRI WKHDQQXODU ODVHUEHDPVSRWVZLWKUHVSHFW WR WKHIRFDOSRVLWLRQDUHVKRZQLQ
)LJFZKHUHSRVLWLYHYDOXHVGHQRWHWKHSRVLWLRQRIWKHZRUNSLHFHVXUIDFHDERYHWKHDQQXODUODVHUEHDPIRFXV
7RSHUIRUPWKHDQQXODUODVHUEHDPSRZGHUFODGGLQJWKHSRZGHUZDVIHGLQWKHFHQWHURIWKHDQQXODUODVHUEHDP
VSRWWKURXJKDPHWDOWXEHRILQQHUGLDPHWHUdW$UROOHUEDVHGSRZGHUIHHGHU(3IURP&DVWROLQ(XWHFWLFZDVXVHGWR
GHOLYHU WKH SRZGHU IURP WKH SRZGHU WDQN LQWR WKH WXEH XVLQJ $U FDUULHU JDV %DVHG RQ WKH HVWDEOLVKHG OLQHDU
GHSHQGHQFHRI WKHSRZGHUPDVV IORZRQ WKH UROOHU USP WKHPDVV IORZFRXOGEHSUHVHW LQ WKH UDQJH IURP WR
JPLQ7KHVHWXSLVHTXLSSHGDOVRZLWKDQXPHULFDOO\FRQWUROOHGxyzSRVLWLRQLQJWDEOHZKLFKLVXVHGWRSRVLWLRQ
WKHZRUNSLHFHVXUIDFHZLWKUHVSHFW WR WKHDQQXODU ODVHUEHDPIRFXVDQGWRIHHGWKHZRUNSLHFHGXULQJWKHFODGGLQJ
SURFHVV
)RUWKHSXUSRVHRIWKHFODGGLQJSURFHVVYLVXDOL]DWLRQD&026FDPHUDKDVEHHQXVHG7RJHWKHUZLWKDQDGGLWLRQDO
LOOXPLQDWLRQOLQHODVHUZLWKZDYHOHQJWKRIQPDQGP:SRZHUWKHFKDUDFWHUL]DWLRQRIWKHSRZGHUMHWDWWKH
H[LWIURPWXEHZDVSHUIRUPHGEDVHGRQWKHDFTXLUHGLPDJHVRIWKHSRZGHUMHW7RFKDUDFWHUL]HWKHSRZGHUFDWFKPHQW
HIILFLHQF\KSDVFDOHZLWKUDQJHIURPWRJDQGUHVROXWLRQRIPJKDVEHHQXVHG
,QWKHIROORZLQJDVILUVWWKHH[SHULPHQWVDQGUHVXOWVRISRZGHUMHWFKDUDFWHUL]DWLRQLQFOXGLQJSDUWLFOHYHORFLW\DQG
GLYHUJHQFHDQJOHRIWKHSRZGHUDWWKHH[LWIURPWKHGHOLYHU\WXEHDUHSUHVHQWHG7KHQWKHUHVXOWVRIWKHLQIOXHQFHRI
WKH PDLQ SURFHVV SDUDPHWHUV LQFOXGLQJ WKH LQKHUHQW SDUDPHWHU RI DQQXODU ULQJ ZLGWK RQ WKH SRZGHU FDWFKPHQW
HIILFLHQF\DUHSUHVHQWHGDQGGLVFXVVHG,QWKHH[SHULPHQWVVWDLQOHVVVWHHO66JDVDWRPL]HGSRZGHUZLWKSDUWLFOH
VL]HIURPWRPPDQGVWDLQOHVVVWHHO66/ZRUNSLHFHVRIGLPHQVLRQuu>PP@KDYHEHHQXVHG$U
VKLHOGLQJJDVKDVEHHQVXSSOLHGLQWRWKHFODGGLQJ]RQHE\DFRD[LDOVKLHOGLQJJDVQR]]OH
3RZGHUMHWFKDUDFWHUL]DWLRQ
7KHSURSHUWLHVRIWKHSRZGHUMHWQDPHO\WKHSDUWLFOHYHORFLW\GLVWULEXWLRQDQGSDUWLFOHVSDWLDOGLVWULEXWLRQDWWKH
H[LW RI WKH SRZGHU GHOLYHU\ WXEH DUH LPSRUWDQW LQSXW SDUDPHWHUV LQ ODVHU SRZGHU FODGGLQJ SURFHVV VLQFH WKH\
LQIOXHQFH WKHSRZGHUFDWFKPHQWHIILFLHQF\DQG WKHSURSHUWLHVRI WKHFODG OD\HU :HLVKHLWHWDO ,QRUGHU WR
FKDUDFWHUL]H WKHSDUWLFOHYHORFLW\DQGVSDWLDOGLVWULEXWLRQ WZRW\SHVRIH[SHULPHQWVZHUHSHUIRUPHG,QERWKFDVHV
WKHSRZGHUMHWZDVLOOXPLQDWHGE\WKHOLQHODVHUZKLFKSURGXFHGDYHUWLFDOLOOXPLQDWLRQSODQHZLWKWKLFNQHVVRIWKH
RUGHU RI PP WKURXJK WKH V\PPHWU\ D[LV RI WKH MHW 7KH &026 FDPHUD ZLWK D PDFUR OHQV ZDV SRVLWLRQHG
SHUSHQGLFXODUO\WRWKHLOOXPLQDWLRQSODQH8VLQJWKLVVHWXSWKHSRZGHUMHWSURSHUWLHVZHUHFKDUDFWHUL]HGIRUWKHLQQHU
GHOLYHU\WXEHGLDPHWHUdWYDOXHVRIDQGPPGHOLYHU\WXEHJDVYROXPHIORZĭWYDOXHVEHWZHHQDQG
OPLQDQGSRZGHUPDVVIORZĭPYDOXHVEHWZHHQDQGJPLQ
3.1. Particle velocity characterization 
)RUWKHSDUWLFOHYHORFLW\FKDUDFWHUL]DWLRQWKHOLQHODVHURXWSXWSRZHUZDVPRGXODWHGWRLOOXPLQDWHWKHMHWZLWKWZR
PV ORQJ SXOVHV VHSDUDWHG E\  PV GXULQJ WKH H[SRVXUH WLPH RI WKH FDPHUD 7KLV ZD\ WKH SRZGHU SDUWLFOH
WUDYHOOLQJ LQ WKH LOOXPLQDWLRQ SODQH ZDV SUHVHQWHG LQ WKH UHFRUGHG LPDJH E\ WZR VSRWV VHSDUDWHG E\ D GLVWDQFH
FRUUHVSRQGLQJWRLWVYHORFLW\%\XVHRIDGDSWHG+RXJKWUDQVIRUP*RQ]DOH]HWDOVHYHUDOKXQGUHGDFTXLUHG
LPDJHVZHUHDQDO\]HGDQG WKHSDUWLFOHYHORFLW\DPSOLWXGHVvDVZHOODVDQJOHV׋ UHODWLYH WR WKHYHUWLFDOD[LVZHUH
GHWHUPLQHG
7KHGHWHUPLQHGYHORFLW\DQJOH׋VKRZHGQRVWDWLVWLFDOO\VLJQLILFDQWGHSHQGHQFHRQHLWKHUWKHWXEHGLDPHWHUdWWKH
SRZGHUPDVVIORZĭPRUWKHGHOLYHU\WXEHJDVYROXPHIORZĭW7KHPHGLDQYHORFLW\DQJOH׋ZLWKLQGLFDWHGVWDQG
UG TXDUWLOHV LV SORWWHG LQ )LJD DJDLQVW WKH SRZGHU GHOLYHU\ WXEH GLDPHWHUdW2Q WKH RWKHU KDQG WKH YHORFLW\
DPSOLWXGHvGHSHQGHGVWURQJO\RQSRZGHUGHOLYHU\WXEHGLDPHWHUdWDQGJDVYROXPHIORZĭWZKLOHWKHGHSHQGHQFH
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
)LJD0HGLDQYHORFLW\DQJOHRISRZGHUSDUWLFOHVE0HGLDQYHORFLW\DPSOLWXGHRISRZGHUSDUWLFOHV
RQ WKH SRZGHU PDVV IORZ ĭP ZDV VWDWLVWLFDOO\ LQVLJQLILFDQW ,Q )LJE WKH PHGLDQ YHORFLW\ DPSOLWXGH v ZLWK
LQGLFDWHGVWDQGUGTXDUWLOHVLVSORWWHGYHUVXVWKHGHOLYHU\WXEHGLDPHWHUdWDWGLIIHUHQWYDOXHVRIWKHGHOLYHU\WXEH
JDVYROXPHIORZĭW$VHYLGHQWIURPWKH)LJEWKHYHORFLW\DPSOLWXGHvLVLQFUHDVHGZLWKLQFUHDVHRIWKHFDUULHU
JDV YROXPH IORZĭW DQG GHFUHDVHG ZLWK LQFUHDVH RI SRZGHU GHOLYHU\ WXEH GLDPHWHU dW 7KH GHWHUPLQHG YHORFLW\
DPSOLWXGHvYDOXHVZHUHLQWKHUDQJHEHWZHHQPVDQGPV
3.2. Powder jet divergence characterization 
7KH SRZGHU MHW SDUWLFOH VSDWLDO GLVWULEXWLRQZDV FKDUDFWHUL]HG E\ WZR MHW GLYHUJHQFH DQJOHV D IXOOZLGWKKDOI
PD[LPXP):+0DQJOHD):+0DQGDHDQJOHDH7KH):+0DQJOHD):+0FKDUDFWHUL]HVWKHGLYHUJHQFHRI
WKH SRZGHU MHW FRUH ZKLOH WKH H DQJOH DH FKDUDFWHUL]HV WKH GLYHUJHQFH RI WKH SRZGHU MHW ZLGWK 7KH
FKDUDFWHUL]DWLRQZDVEDVHGRQSRZGHUMHWLPDJHVDFTXLUHGZLWKFRQVWDQWLOOXPLQDWLRQRIWKHSRZGHUMHWE\WKHOLQH
ODVHUDQGXVLQJDORQJFDPHUDH[SRVXUHWLPHEHWZHHQDQGV7KHOLJKWLQWHQVLW\RIWKHUHVXOWLQJLPDJHVFDQEH
FRQVLGHUHG DV GLUHFWO\ SURSRUWLRQDO WR WKH GHQVLW\ RI WKH SRZGHU SDUWLFOHV *|UQHU HW DO  7KHUHIRUH WKH
KRUL]RQWDOLQWHQVLW\SURILOHVRIWKHDFTXLUHGLPDJHVZHUHWDNHQDVSRZGHUMHWGHQVLW\SURILOHV8VLQJWKRVHSURILOHV
WKHKRUL]RQWDOxSRVLWLRQVRISURILOHPD[LPXPLWVIXOOZLGWKKDOIPD[LPXP):+0HGJHVDQGH HGJHV
ZHUHGHWHUPLQHG LQ GHSHQGHQFHRQ WKHYHUWLFDO GLVWDQFHy IURP WKH GHOLYHU\ WXEH ,Q)LJD DQ H[DPSOH RI WKH
UHVXOWLQJSRZGHUMHWGHQVLW\SURILOHPD[LPDGHQRWHGE\FURVVHV):+0HGJHVGHQRWHGE\SRLQWVDQGHHGJHV
GHQRWHGE\FLUFOHVDUHSUHVHQWHGIRUWKHFDVHRIWXEHGLDPHWHUdW PPJDVYROXPHIORZĭW OPLQDQG


)LJD3RZGHUMHWKRUL]RQWDOGHQVLW\SURILOHVPD[LPXP):+0HGJHVDQGHHGJHVREPHGLDQ):+0DQGHGLYHUJHQFH
DQJOHVD):+0DQGDH
D E
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SRZGHUPDVVIORZĭP OPLQ7KH):+0DQGHGLYHUJHQFHDQJOHVD):+0DQGDHZHUHGHILQHGDVDQJOHV
EHWZHHQWKHOLQHDUILWVRIWKHFRUUHVSRQGLQJSRZGHUMHWHGJHVVHH)LJD7KHUHVXOWLQJGLYHUJHQFHDQJOHVD):+0
DQGDHVKRZHG QR VWDWLVWLFDOO\ VLJQLILFDQW GHSHQGHQFHRQ WKH GHOLYHU\ JDV YROXPH IORZĭW RU WKH SRZGHUPDVV
IORZĭP ,Q )LJE WKHPHGLDQ YDOXHV RI WKH GLYHUJHQFH DQJOHVZLWK LQGLFDWHG VW DQG UG TXDUWLOHV DUH SORWWHG
DJDLQVWWKHGHOLYHU\WXEHGLDPHWHUdW$VHYLGHQWIURPWKHILJXUHDVOLJKWGHFUHDVHRIWKH):+0DQGHGLYHUJHQFH
DQJOHV D):+0 DQG DH ZDV REVHUYHG ZLWK LQFUHDVLQJ GHOLYHU\ WXEH GLDPHWHU dW 7KH YDOXHV RI WKH ):+0
GLYHUJHQFHDQJOHD):+0ZHUHLQWKHUDQJHEHORZZKLOHWKHYDOXHVRIWKHHGLYHUJHQFHDQJOHDHZHUHLQWKH
UDQJHEHWZHHQDQG
,Q RUGHU WR HVWLPDWH WKH SRZGHU HIILFLHQF\ D VLPSOLILHG SRZGHU MHW JHRPHWULFDO PRGHO ZDV XVHG WDNLQJ LQWR
DFFRXQWWKH):+0DQGHGLYHUJHQFHDQJOHVD):+0DQGDH%DVHGRQWKHHPSLULFDOSDUWLFOHMHWGLVWULEXWLRQLW
ZDV DVVXPHG WKDW WKH KRUL]RQWDO GHQVLW\ SURILOH RI WKH SRZGHU MHW LV *DXVVLDQ ZLWK LWV ZLGWK GHSHQGLQJ
SURSRUWLRQDOO\RQ WKHGLVWDQFH IURP WKH HQGRI WKHGHOLYHU\ WXEH7KHUHIRUH WKHGHOLYHU\ WXEHGLDPHWHUdW UHODWHG
VWDQGDUG GHYLDWLRQV RI WKH SRZGHU MHW *DXVVLDQ SURILOH RQ WKHZRUNSLHFH VXUIDFHZDV FDOFXODWHG XVLQJ WKH WKH
SRZGHU MHWGLYHUJHQFH DQJOH DQG WKH VWDQGRIIGLVWDQFH lWZ EHWZHHQ WKH WXEH HQG DQG WKHZRUNSLHFH VXUIDFH7KH
VWDQGDUGGHYLDWLRQVZDVFDOFXODWHGXVLQJERWKGLYHUJHQFHDQJOHVD):+0DQGDHDQGWKHUHVXOWLQJPHDQYDOXH
ZDVXVHGDVDQHVWLPDWHRIWKHVWDQGDUGGHYLDWLRQV7KHJHRPHWULFDOSRZGHUHIILFLHQF\KJZDVGHILQHGE\LQWHJUDO
RIWKHQRUPDOL]HG*DXVVLDQSURILOHRQWKHZRUNSLHFHSODQHLQVLGHWKHRXWHUGLDPHWHUdRRIWKHDQQXODUODVHUEHDP
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,Q WKH H[SHULPHQWDO LQYHVWLJDWLRQ RI WKH DQQXODU ODVHU EHDP FODGGLQJ SURFHVV GHVFULEHG LQ WKH IROORZLQJ WKH
JHRPHWULFDO SRZGHU HIILFLHQF\KJZDV XVHG DV D JXLGDQFH IRU GHWHUPLQLQJ WKH VXLWDEOH YDOXHV RI WKH JHRPHWULFDO
SURFHVV SDUDPHWHUV VXFK DV WKH ODVHU EHDP IRFXV ±ZRUNSLHFH VXUIDFH GLVWDQFH lIZ DQG WKH VWDQGRII GLVWDQFH lWZ
EHWZHHQWKHSRZGHUGHOLYHU\WXEHDQGZRUNSLHFHVXUIDFH

&ODGGLQJSURFHVVSRZGHUFDWFKPHQWHIILFLHQF\
/DVHUSXOVHGSRZGHUFODGGLQJSURFHVVDQGUHODWHGSRZGHUFDWFKPHQWHIILFLHQF\DUHLQIOXHQFHGE\PDQ\PXWXDOO\
GHSHQGHQW SDUDPHWHUV /HH  ,Q SHUIRUPHG H[SHULPHQWVZLWK WKH SXOVHG ODVHU LQ DGGLWLRQ WR WKH ODVHU SXOVH
SDUDPHWHUV LQFOXGLQJ SXOVH SRZHUPS DQG GXUDWLRQ tS ODVHU EHDP IRFXV ±ZRUNSLHFH VXUIDFH GLVWDQFH lIZ SRZGHU
PDVVIORZ)PDQGZRUNSLHFHIHHGLQJYHORFLW\vIKDYHEHHQFRQVLGHUHG$OOWKHH[SHULPHQWVZHUHFRQGXFWHGZLWKD
FRQVWDQWODVHUSXOVHIUHTXHQF\fS +]7KHSRZGHUZDVIHGLQWRWKHDQQXODUODVHUEHDPFHQWHUE\D&XWXEHZLWK
LQQHUGLDPHWHURIdW PPXVLQJWKH$UFDUULHUJDVZLWKYROXPHIORZRI)W OPLQ7KHYROXPHIORZRIWKH
$UVKLHOGLQJJDVWKURXJKWKHJDVQR]]OHZDVSUHVHWWR)Q OPLQ,QDFFRUGDQFHZLWKWKHDERYHSUHVHQWHGUHVXOWV
RQSRZGHUMHWFKDUDFWHUL]DWLRQWKHDYHUDJHSRZGHUSDUWLFOHYHORFLW\PDJQLWXGHZDVDURXQGPVWKH):+0DQG
H SRZGHU MHW GLYHUJHQFH DQJOHV ZHUH DERXW q DQG q $ VLQJOH OLQH RI PP OHQJWK ZDV FODGGHG RQ WKH
ZRUNSLHFH VXUIDFH DQG WKH UHODWHG SRZGHU GHSRVLWLRQ HIILFLHQF\ZDV HYDOXDWHG IRU HDFK UXQ 7R FKDUDFWHUL]H WKH
SRZGHUFODGGLQJHIILFLHQF\DSRZGHUFODGGLQJHIILFLHQF\KSZDVGHILQHGE\WKHUDWLR
S
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ZKHUHmGHQRWHVWKHPDVVRIWKHFODGGHGOLQHOD\HUPHDVXUHGE\DVFDOHDQGWKHSURGXFW)PtGHILQHVWKHHVWLPDWHG
SRZGHUPDVVIHGGXULQJWKHWLPH tZLWKDFRQVWDQWSRZGHUPDVVIORZUDWH)P7RLQYHVWLJDWH WKHLQIOXHQFHRI WKH
ODVHUEHDPIRFXVZRUNSLHFHGLVWDQFHlIZRQWKHFODGGLQJSURFHVVWKHGLVWDQFHlIZZDVYDULHGIURPWRPP,Q
DFFRUGDQFHZLWKWKHFDXVWLFWKHULQJRXWHUGLDPHWHUdRRQWKHZRUNSLHFHVXUIDFHZDVYDULHGLQWKHUDQJHIURPWR
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
)LJ0HOWSRRORQWKHZRUNSLHFHVXUIDFHZLWKRXWWKHSUHVHQFHRIWKHSRZGHUZLWKGHQRWHGRXWHUGLDPHWHUdRDWULQJZLGWKGr  PPLQ
GHSHQGHQFHRQWKHODVHUEHDPIRFXVZRUNSLHFHGLVWDQFHlIZ
PP7KHUHODWHGLPDJHVRIWKHPHOWSRRORQWKHZRUNSLHFHVXUIDFHZLWKRXWSUHVHQFHRISRZGHUDUHVKRZQLQ
)LJ7KHLPDJHVZHUHDFTXLUHGDW WKHODVHUEHDPDYHUDJHLQWHQVLW\IDY :PPDQGWKHZRUNSLHFHIHHGUDWH 
vI PPV,WFDQEHVHHQWKDWZLWKLQWKHlIZGLVWDQFHUDQJHIURPWRPPDIXOOFLUFOHPHOWSRROLVSUHVHQW
ZKLOH IURP  WR PP DPHOW SRRO LQ WKH VKDSH RI D ULQJZDV DFKLHYHG ,Q WKH IROORZLQJ WKH UHVXOWV RI WKH
LQIOXHQFHRI WKHPDVV IORZ)PZRUNSLHFH IHHGLQJYHORFLW\vI DQG ODVHUEHDPDYHUDJH LQWHQVLW\ IDYRQ WKHSRZGHU
FDWFKPHQWHIILFLHQF\KSDUHSUHVHQWHGZLWKUHVSHFWWRGLIIHUHQWYDOXHVRIWKHODVHUEHDPIRFXVZRUNSLHFHGLVWDQFHlIZ
)RUWKHSXUSRVHRIWKHUHVXOWVFRPSDULVRQH[FHSWLQWKHFDVHRIFRQVLGHULQJWKHODVHUEHDPLQWHQVLW\LQIOXHQFHWKH
SRZHUPS RI WKH ODVHU SXOVH RI GXUDWLRQ tS PV DQG IUHTXHQF\ fS +] KDV EHHQ SUHVHW VR WKDW WKH DYHUDJH
LQWHQVLW\IDY :PPZDVNHSWFRQVWDQW7KHODVHUEHDPIRFXV±WXEHHQGGLVWDQFHlIWZDVlIW PP'XULQJWKH
H[SHULPHQWWKHSRZGHUGHOLYHU\WXEHVWDQGRIIGLVWDQFHlWZZDVYDULHGLQDFFRUGDQFHZLWKlWZ lIW±lIZ
4.1. Powder mass flow  
:LWKWKHDLPWRLQYHVWLJDWHWKHLQIOXHQFHRIWKHSRZGHUPDVVIORZ)PSRZGHUFODGGLQJH[SHULPHQWVDWSRZGHU
PDVVIORZYDOXHV)P DQGJPLQZHUHSHUIRUPHGZLWKIHHGLQJYHORFLW\vI PPV,Q)LJD
WKHUHODWHGSRZGHUFDWFKPHQWHIILFLHQF\KSLQGHSHQGHQFHRQWKHODVHUEHDPIRFXVZRUNSLHFHGLVWDQFHlIZLV

 

)LJD3RZGHUFDWFKPHQWHIILFLHQF\KSDQGJHRPHWULFDOSRZGHUHIILFLHQF\KJLQGHSHQGHQFHRQWKHODVHUEHDPIRFXVZRUNSLHFHGLVWDQFHlIZ
DWVHOHFWHGYDOXHVRISRZGHUPDVVIORZ)PE3RZGHUFDWFKPHQWHIILFLHQF\KSDQGFODGOD\HUGLPHQVLRQVLQGHSHQGHQFHRQWKHSRZGHUPDVV
IORZ)PDQGF&ODGOD\HUFURVVVHFWLRQVDWlIZ PP
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 E
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SUHVHQWHGDORQJZLWKWKHFRUUHVSRQGLQJJHRPHWULFDOSRZGHUHIILFLHQF\KJ$VH[SHFWHGEDVHGRQWKHJHRPHWULFDO
UHODWLRQVRIWKHSRZGHUMHWDQGDQQXODUODVHUEHDPVSRWRQWKHZRUNSLHFHVXUIDFHLWFDQEHVHHQWKDWWKHHIILFLHQF\KS
LQFUHDVHV DOPRVW OLQHDUO\ ZLWK WKH LQFUHDVH RI WKH ODVHU EHDP IRFXVZRUNSLHFH GLVWDQFH lIZ 2Q WKH FRQWUDU\ WKH
HIILFLHQF\KS LV LQFUHDVLQJ LQ DQ QRQOLQHDUPDQQHU ZLWK LQFUHDVLQJ RI WKH PDVV IORZ)P ZKLFK FDQ EH VHHQ LQ
)LJE,QWKHSUHVHQWHGUHVXOWVDVDWXUDWLRQRIWKHHIILFLHQF\KSFDQREVHUYHGDWPDVVIORZ)PYDOXHVODUJHUWKDQ
JPLQ7KHREVHUYHGVDWXUDWLRQFDQEHFRQWULEXWHGWRWKHODFNRIWKHODVHUEHDPSRZHUDQGWKHUHODWHGDYHUDJH
LQWHQVLW\IDY,Q)LJFFURVVVHFWLRQVRIWKHFODGOD\HUIRUWKHVHOHFWHGYDOXHVRIWKHPDVVIORZ)PDWWKHODVHUEHDP
IRFXVZRUNSLHFH GLVWDQFH lIZ PP DUH SUHVHQWHG 7KH UHODWHG GLPHQVLRQV RI WKH FODG OD\HU KHLJKWZLGWK DQG
PD[LPDOPD[LPDO GLOXWLRQ DUH VKRZQ LQ )LJE$V VHHQ LQ )LJE WKH FODG OD\HUZLGWKZDV DSSUR[LPDWHO\
FRQVWDQW DURXQG PPZKLOH WKH OD\HU KHLJKW LQFUHDVHG IURP DSSUR[  WR PP DQG WKHPD[LPDO GLOXWLRQ
GHFUHDVHGIURPDSSUR[WRPPZLWKLQFUHDVHRIWKHPDVVIORZ)P7KHKLJKHVWSRZGHUFDWFKPHQWHIILFLHQF\
KS|ZDV DFKLHYHG DW WKHPD[LPDO lIZ GLVWDQFH YDOXH RI PP7KHRUHWLFDOO\ZLWK IXUWKHU LQFUHDVH RI WKH
GLVWDQFH lIZ WKHSRZGHUFDWFKPHQW HIILFLHQF\KS FRXOGEH LPSURYHG+RZHYHUGXH WR WKHSRZHU OLPLWDWLRQRI WKH
XVHGODVHUV\VWHPWKHFRQGLWLRQRIWKHFRQVWDQWLQWHQVLW\IDYFRXOGQRWEHDVVXUHG
4.2. Workpiece feed velocity  
7R DQDO\]H WKH LQIOXHQFH RI WKH ZRUNSLHFH IHHGLQJ YHORFLW\ vI RQ WKH SRZGHU FDWFKPHQW HIILFLHQF\ KS
H[SHULPHQWVZLWKvI DQGPPVDWPDVVIORZ)P JPLQKDYHEHHQSHUIRUPHGDWWKHODVHUEHDP
IRFXVZRUNSLHFHGLVWDQFHlIZLQWKHUDQJHIURPWRPP,Q)LJDWKHSRZGHUFDWFKPHQWHIILFLHQF\KSZLWK
UHVSHFWWRWKHIHHGLQJYHORFLW\vIDWODVHUEHDPIRFXVZRUNSLHFHGLVWDQFHlIZ PPLVVKRZQ,WFDQEHVHHQWKDW
ZLWKWKHLQFUHDVHRIWKHvIWKHHIILFLHQF\KSLVGHFUHDVHGDOPRVWOLQHDUO\ZKLFKLVVKRZQLQ)LJEIRUWKHFDVHRI
lIZ PP 7KH REVHUYHG OLQHDU UHODWLRQ LV LQGHSHQGHQW RQ WKH ODVHU EHDP IRFXVZRUNSLHFH GLVWDQFH lIZ EXW DV
VKRZQLQ)LJDWKHHIILFLHQF\LQFUHDVHVZLWKWKHLQFUHDVHRIWKHGLVWDQFHlIZ,Q)LJFWKHFURVVVHFWLRQVRIWKH
FODG OD\HU GHSRVLWHG DW WKH ODVHU EHDP IRFXVZRUNSLHFH GLVWDQFH lIZ PP DUH VKRZQ IRU WKH VHOHFWHG YDOXHV

 

)LJD3RZGHUFDWFKPHQWHIILFLHQF\KSDQGJHRPHWULFDOSRZGHUHIILFLHQF\KJLQGHSHQGHQFHRQWKHODVHUEHDPIRFXVZRUNSLHFHGLVWDQFHlIZDW
VHOHFWHGYDOXHVRIZRUNSLHFHIHHGYHORFLW\vIE3RZGHUFDWFKPHQWHIILFLHQF\KSDQGFODGOD\HUGLPHQVLRQVLQGHSHQGHQFHRQWKHZRUNSLHFHIHHG
YHORFLW\vIDQGF&ODGOD\HUFURVVVHFWLRQVDWlIZ PP
D E
654   Alexander Kuznetsov et al. /  Physics Procedia  83 ( 2016 )  647 – 656 
RI WKHIHHGLQJYHORFLW\vI ,Q WKHFURVVVHFWLRQDSUHVHQFHRISRURVLW\FDQEHREVHUYHGDW ORZHUIHHGLQJYHORFLWLHV
vI DQGPPV)URPWKHUHODWHGFODGOD\HUGLPHQVLRQVSUHVHQWHGLQ)LJEDFRQVWDQWZLGWKGHFUHDVLQJ
KHLJKWDQGLQFUHDVLQJGLOXWLRQDUHHYLGHQW
4.3. Laser beam intensity  
/DVHU EHDP SXOVH SRZHU P DQG HVSHFLDOO\ WKH UHODWHG DYHUDJH LQWHQVLW\ IDY LV RQH RI WKH PRVW LQIOXHQWLDO
SDUDPHWHUV RI WKH SXOVHG ODVHU FODGGLQJ SURFHVV ,Q WKH H[SHULPHQWV WKH LQWHQVLW\ IDY ZDV YDULHG IURP  WR
:PP ,Q )LJD WKH UHVXOWV RI SRZGHU FDWFKPHQW HIILFLHQF\ KS YHUVXV WKH ODVHU EHDP IRFXVZRUNSLHFH
GLVWDQFHlIZDUHVKRZQDWVHOHFWHGYDOXHVRIDYHUDJHLQWHQVLW\IDY)RUWKHSXUSRVHRIWKHUHVXOWFRPSDULVRQWKHSUHVHW
LQWHQVLW\ZDVNHSWFRQVWDQWGXULQJWKHYDULDWLRQRIWKHGLVWDQFHlIZ'XHWRWKHSRZHUOLPLWDWLRQRIWKHODVHUVRXUFH
IRUDOOFRQVLGHUHGYDOXHVRIlIZWKLVFRQGLWLRQFRXOGEHIXOILOOHGRQO\DWWKHORZHVWVHOHFWHGLQWHQVLW\IDY :PP
$WLQWHQVLWLHVIDY!:PPWKHFRQVWDQWLQWHQVLW\FRQGLWLRQFRXOGEHPHWRQO\XSWRDFHUWDLQGLVWDQFHlIZORZHU
WKDQPP DV SUHVHQWHG LQ )LJD:H FDQ VHH WKDW WKH SRZGHU FDWFKPHQW HIILFLHQF\KS FDQ EH VLJQLILFDQWO\
LPSURYHG QRW RQO\ E\ LQFUHDVLQJ WKH ODVHU EHDP IRFXVZRUNSLHFH GLVWDQFH lIZ EXW DOVR E\ LQFUHDVLQJ WKH DYHUDJH
LQWHQVLW\IDY6XFKLPSURYHPHQWFDQEHVHHQLQ)LJEZKHUHWKHSRZGHUFDWFKPHQWHIILFLHQF\KSLQGHSHQGHQFH
RQ WKH DYHUDJH ODVHU EHDP LQWHQVLW\ IDY LV VKRZQ DW WKH ODVHU EHDP IRFXVZRUNSLHFH GLVWDQFH lIZ PP DQG
LQWHQVLWLHV IDY   DQG :PP 7KH KLJKHVW HIILFLHQF\ KS  ZDV DFKLHYHG DW DYHUDJH LQWHQVLW\
IDY :PPDQGGLVWDQFHlIZ PPDQGFRXOGEHIXUWKHULPSURYHGE\LQFUHDVLQJWKHGLVWDQFHlIZ,Q)LJF
WKHFODGOD\HUFURVVVHFWLRQVREWDLQHGDWODVHUEHDPIRFXVZRUNSLHFHGLVWDQFHlIZ PPDWLQWHQVLWLHVIDY 
DQG:PPDUHVKRZQ:HFDQVHHWKDWDOPRVWQRSRURVLW\LVSUHVHQWLQWKHSODQHRIWKHFODGOD\HUFURVVVHFWLRQV
)URPWKHUHODWHGGLPHQVLRQVSUHVHQWHGLQ)LJELWLVDOVRHYLGHQWWKDWWKHLQFUHDVHRIWKHHIILFLHQF\GXHWRWKH
LQFUHDVHRILQWHQVLW\IDYLVUHIOHFWHGPDLQO\LQWKHFODGOD\HUKHLJKWZKLOHWKHOD\HUZLGWKDQGPD[LPDOGLOXWLRQVWD\
DOPRVWFRQVWDQW

 

)LJD3RZGHUFDWFKPHQWHIILFLHQF\KSDQGJHRPHWULFDOSRZGHUHIILFLHQF\KJLQGHSHQGHQFHRQWKHODVHUEHDPIRFXVZRUNSLHFHGLVWDQFHlIZ
DWVHOHFWHGYDOXHVRIDYHUDJHODVHUEHDPLQWHQVLW\IDYE3RZGHUFDWFKPHQWHIILFLHQF\KSDQGFODGOD\HUGLPHQVLRQVLQGHSHQGHQFHRQWKHDYHUDJH
ODVHUEHDPLQWHQVLW\IDYDQGF&ODGOD\HUFURVVVHFWLRQVDWlIZ PPG&ODGOD\HUFURVVVHFWLRQZLWKWKHDFKLHYHGKLJKHVWSRZGHUFDWFKPHQW
HIILFLHQF\KS 
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7KHSUHVHQWHGKLJKHVWSRZGHUFDWFKPHQWHIILFLHQF\KS ZDVIXUWKHU LPSURYHGE\ LQFUHDVLQJ WKH LQWHQVLW\
IDYSXOVHGXUDWLRQtSDQGSRZGHUPDVVIORZ)P$WlIZ PPIDY :PPtS PVDQG)P JPLQWKH
SRZGHU FDWFKPHQW HIILFLHQF\ ZDV LQFUHDVHG WR KS  $W lIZ PP IDY :PP tS PV DQG
)P JPLQWKHKLJKHVWSRZGHUFDWFKPHQWHIILFLHQF\KS ZDVDFKLHYHG7KHUHODWHGFURVVVHFWLRQRIWKH
FODGOD\HULVVKRZQLQ)LJG
4.4. Annular laser beam ring width  
,Q WKH DERYH SUHVHQWHG UHVXOWV LW ZDV VKRZQ WKDW SRZGHU FDWFKPHQW HIILFLHQF\KS LV LQIOXHQFHG DQG FDQ EH
LPSURYHG E\ PDQ\ SURFHVV SDUDPHWHUV LQFOXGLQJ WKH DQQXODU ODVHU EHDP RXWHU GLDPHWHU dR ZKLFK LV LQGLUHFWO\
GHILQHGE\WKHDQQXODU ODVHUEHDPIRFXVZRUNSLHFHGLVWDQFH lIZ,QDGGLWLRQWR WKLV WKHUHODWHGDQQXODU ODVHUEHDP
ULQJZLGWKGrZKLFKLVDQLQKHUHQWSDUDPHWHURIWKHQRYHODQQXODUODVHUEHDPFODGGLQJKHDGLVDQLPSRUWDQWSURFHVV
SDUDPHWHU:LWKWKHDLPWRDQDO\]HLWVLQIOXHQFHRQWKHSRZGHUFDWFKPHQWHIILFLHQF\KSWKHFODGGLQJH[SHULPHQWV
ZLWK WKH DQQXODU ODVHU EHDP RXWHU GLDPHWHUdR LQ WKH UDQJH IURP  WR PP DQG UHODWHG ULQJZLGWK YDOXHV
Gr   DQG PPZHUH SHUIRUPHG DQG FRPSDUHG 7KH UHODWLYHO\ ODUJH RXWHU GLDPHWHUdRZDV VHOHFWHG WR
DVVXUHKLJKHUDFFXUDF\RIWKHPHDVXUHPHQWRIWKHODVHUEHDPGLDPHWHUdR DQGULQJZLGWKGr7KHDYHUDJHLQWHQVLW\IDY
ZDVVHW WR:PPDQGNHSWFRQVWDQW LQDOOH[SHULPHQWV7KHUHVWRI WKHSDUDPHWHUV LQFOXGLQJSXOVHGXUDWLRQ
tS PV DQG IUHTXHQF\ fS +]ZRUNSLHFH IHHGLQJ YHORFLW\ vI PPV DQG RWKHUVZHUH NHSW DW WKH VDPH
YDOXHVDVLQWKHH[SHULPHQWVSUHVHQWHGDERYH,Q)LJDWKHPHDVXUHGSRZGHUFDWFKPHQWHIILFLHQF\KSYHUVXVODVHU
EHDPRXWHUGLDPHWHUdRDWULQJZLGWKYDOXHVGr DQGPPLVVKRZQ$VLQDOOSUHVHQWHGUHVXOWVDOVRLQ
WKLV FDVH WKH HIILFLHQF\KS LQFUHDVHVZLWK WKH LQFUHDVH RI WKH RXWHU GLDPHWHU dR DQG ODVHU EHDP IRFXVZRUNSLHFH
GLVWDQFH lIZ UHVSHFWLYHO\ $GGLWLRQDOO\ ZH FDQ VHH WKDW HIILFLHQF\ GHSHQGV DQG LQFUHDVHV VLJQLILFDQWO\ ZLWK WKH
LQFUHDVHRIWKHULQJZLGWKGr2EVHUYLQJWKHLQIOXHQFHRIULQJZLGWKGrRQWKHHIILFLHQF\KSPHDVXUHGDWULQJRXWHU
GLDPHWHUdR|PPWKHHIILFLHQF\KSZDVLQFUHDVHGIURPWRDVVKRZQLQ)LJE7KHFURVVVHFWLRQV
RI WKH FODG

 

)LJD3RZGHUFDWFKPHQWHIILFLHQF\KSDQGJHRPHWULFDOSRZGHUHIILFLHQF\KJLQGHSHQGHQFHRQWKHDQQXODUODVHUEHDPRXWHUGLDPHWHUdoDW
VHOHFWHGYDOXHVRIDQQXODUODVHUEHDPULQJZLGWKGrE3RZGHUFDWFKPHQWHIILFLHQF\KSDQGFODGOD\HUGLPHQVLRQVLQGHSHQGHQFHRQWKHDQQXODU
ODVHUEHDPULQJZLGWKGrDQGF&ODGOD\HUFURVVVHFWLRQVDWULQJRXWHUGLDPHWHUdR|PP
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OD\HUDWdR|PPDUHVKRZQLQ)LJFDQGWKHUHODWHGYDOXHVRIOD\HUZLGWKKHLJKWDQGPD[LPDOGLOXWLRQDUH
VKRZQLQ)LJE:HFDQVHHWKDWWKHLQFUHDVHRIWKHHIILFLHQF\KSGXHWRWKHLQFUHDVHRIULQJZLGWKGrLVUHIOHFWHG
LQLQFUHDVHRIWKHFODGOD\HUKHLJKWDVZHOODVLWVZLGWKZKLOHWKHPD[LPDOGLOXWLRQVWD\VDOPRVWFRQVWDQW
'LVFXVVLRQDQGFRQFOXVLRQV
,QWKHSDSHUDQRYHODQQXODUODVHUEHDPSRZGHUFODGGLQJKHDGDQGSURFHVVKDYHEHHQSUHVHQWHG,QFRQWUDU\ZLWK
WKHH[LVWLQJRIID[LVDQGFRD[LDOGLVFRQWLQXRXVDQGFRQWLQXRXVSRZGHUFODGGLQJKHDGVZKHUHDODVHUEHDPLVJXLGHG
LQWKHD[LVRIWKHKHDGDQGSRZGHULVIHGLQWRWKHPHOWSRROODWHUDOO\RUFRD[LDOO\IURPDVLGHLQWKHQRYHOFODGGLQJ
KHDGWKHVKDSHGDQGJXLGHGDQQXODUODVHUEHDPHQDEOHVIHHGLQJRIWKHPHWDOSRZGHUDORQJWKHD[LVRIWKHDQQXODU
ODVHUEHDPDQGLWVGHSRVLWLRQRQWKHZRUNSLHFHVXUIDFHLQWKHFHQWHURIWKHIRFXVHGDQQXODUODVHUEHDPULQJDQGWKH
JHQHUDWHGPHOWSRRO
7RGHPRQVWUDWH WKHDQQXODU ODVHUEHDPSRZGHUFODGGLQJIHDVLELOLW\D1G<$*SXOVHG ODVHUVRXUFHRIPD[LPDO
DYHUDJH SRZHU RI : KDV EHHQ XVHG ,Q WKH H[SHULPHQWV D VWDLQOHVV VWHHO SRZGHU 66 DQG VWDLQOHVV VWHHO
ZRUNSLHFHV66/ZHUHXVHG7KHLQIOXHQFHRIWKHPDLQSURFHVVSDUDPHWHUVRQWKHSRZGHUFDWFKPHQWHIILFLHQF\
LQFOXGLQJ DQQXODU ODVHU EHDP IRFXV SRVLWLRQ DQG UHODWHG ULQJ EHDP VSRW GLDPHWHU SRZGHUPDVV IORZZRUNSLHFH
IHHGLQJYHORFLW\DQG ODVHUEHDPLQWHQVLW\KDYHEHHQ LQYHVWLJDWHG ,WKDVEHHQVKRZQ WKDW WKHPHQWLRQHGSURFHVV
SDUDPHWHUVKDYHVLPLODULQIOXHQFHRQWKHSRZGHUFDWFKPHQWHIILFLHQF\DVLQWKHSXOVHGODVHUEHDPSRZGHUFODGGLQJ
XVLQJFRQYHQWLRQDOFODGGLQJKHDGVWKDWLVSRVLWLYHLQIOXHQFHRIWKHPDVVIORZDQGDYHUDJHODVHUEHDPLQWHQVLW\DQG
QHJDWLYHLQIOXHQFHRIWKHZRUNSLHFHIHHGLQJYHORFLW\+RZHYHULQFRPSDULVRQZLWKWKHSUHYLRXVO\UHSRUWHGSRZGHU
FDWFKPHQWHIILFLHQF\LQSXOVHGODVHUFODGGLQJ/HHLQRXUFDVHDUHODWLYHO\KLJKSRZGHUFDWFKPHQWHIILFLHQF\
RIKDVEHHQ DFKLHYHG LQ VSLWHRI D ORZDYHUDJHSRZHURI WKHXVHGSXOVHG ODVHU VRXUFH7KH DFKLHYHGKLJK
SRZGHU FDWFKPHQW HIILFLHQF\ FDQEH DWWULEXWHG WR D IDYRUDEOH WRSRORJLFDO UHODWLRQV RI WKH SRZGHU MHW DQG DQQXODU
ODVHUEHDPZKLFKOHDGSUHVXPDEO\WRORZHUODVHUEHDPDWWHQXDWLRQDQGKLJKHUSRZGHUFDWFKPHQWLQVLGHWKHULQJRI
WKHDQQXODUEHDP
,QDGGLWLRQWRWKHH[LVWLQJSURFHVVSDUDPHWHUVWKHFODGGLQJSURFHVVDQGUHODWHGSRZGHUFDWFKPHQWHIILFLHQF\FDQ
DOVR EH LQIOXHQFHG E\ WKH DQQXODU EHDP ULQJ ZLGWK ZKLFK EHVLGH WKH PHOW SRRO SURSHUWLHV GHILQHV DOVR WKH
WRSRORJLFDO UHODWLRQV RI WKH DQQXODU ODVHU EHDP DQG WKH LQFLGHQW SRZGHU MHW 'XH WR WKLV LW LV H[SHFWHG WKDW WKH
DQQXODUULQJZLGWKZKLFKLVDQLQKHUHQWSDUDPHWHURIWKHQRYHODQQXODUODVHUEHDPFODGGLQJKHDGWRJHWKHUZLWKRWKHU
SURFHVVSDUDPHWHUVZLOOKDYHKLJKLQIOXHQFHRQWKHSRZGHUFDWFKPHQWHIILFLHQF\DQGUHODWHGFODGOD\HUJHRPHWU\DV
ZHOODVRQWKHPHWDOOXUJLFDOSURSHUWLHVRIWKHFODGOD\HU+RZHYHULQRUGHUWRFRQILUPDQGWRFRPSDUHWKHREVHUYHG
DQGSUHVXPHGEHQHILWVRI WKH DQQXODU ODVHUEHDPSRZGHUFODGGLQJZLWK UHVSHFW WR WKHH[LVWLQJ FRQYHQWLRQDO ODVHU
EHDPFODGGLQJSURFHVVDFRPSDUDWLYHVWXG\XVLQJDPRUHSRZHUIXOFRQWLQXRXVODVHUZLOOEHSHUIRUPHG
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